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state of the atmosphere, and the direction of its currents, 
creates a necessity of frequent observation, which in its 
turn produces experience. 

But as this experience is usually consigned only to the 
memory of the possessor, in a confused mass of simple 
aphorisms, the skill resulting from it is in a manner in- 
communicable; for, however valuable these links when in 
connection with the rest of the chain, they often serve, 
when taken singly, only to mislead; and the power of con- 
necting them, in order to form a judgment upon occasion, 
resides only in the mind before which their relations have 
passed, though perhaps imperceptibly, in review. In order 
to enable the meteorologist to apply the key of analysis to 
the experience of others, as well as to record his own with 
brevity and precision, it may perhaps be allowable to intro- 
duce a methodical nomenclature, applicable to the various 
forms of suspended water, or, in other words, to the modi- 
fications of cloud. 

By moditication is to be understood simply the structure 
or manner of aggregation, not the precise form or magni- 
tude; which indeed varies every moment in most clouds. 
The principal modifications are commonly as distinguish- 
able from each other as a tree from a hill, or the latter from 
a lake; although clouds in the same modification, consi- 
dered with respect to each other, have often only the com- 
mon resemblances which exist among trees, hills, or lakes, 
taken generally. 

The nomenclature is drawn from the Latin. The reasons 
for having recourse to a dead language for terms to be 
adopted by the learned of different nations are obvious. If 
it should be asked why the Greek was not preferred, after 
the example of chemistry, the author answers, that the ob- 
jects being to be defined by visible characters, as in nattnvl 
history, it was desirable that the terms adopted should at 
once convey the idea of these, and render a recourse to de- 
finitions needless to such as understand the literal sense, 
wUcfa many more would, it is concluded, in Latin than in 
Greeik words. 

There are three simple and distinct modifications, in any 
one of which the aggregate of minute drops called a cloud 
may be formed, increase to its greatest extent, and finally 
decrease and disappear. 

But the same aggregate which has been formed in one 
modification, upon a change in the attendant circumstances, 
may pass into another. 

Or it may continue a considerable time in an intermediate 
stste, partaking of the characters of two modifications; and 

it 



EINLEITUNG. 

Er aber, Howard^), giebt mit reinem Sinn, 
Uns neuer Lehren herrlichsten Gewinn 
Was sich nicht halten, nicht erreichen Ssst, 
Er fasst es an, er hftlt zuerst es fest; 
Bcstimmt das Unbestimmte, scbr&nkt es ein, 
Benennt es treffend! — Sey die Ehre dein! — 
Wic Streife steigt, sich ballt, icrflattert, failt, 
Erinnre dankbar Deiner sich die Welt 

Goethe (I8»), 

Luke Howard's Abhandlung „On the modifications of clouds" ist der 
erste gelungene Versuch einer Wolkennomenklatur^). Alle sp&teren Arbeiten 
aber die Eintheilung und die Namen^ebung der Wolken gehen auf diese 
klassische Schrift zurtick. 

Der vom Verfasser nur in kleiner Auflage besorgte Sonderabdruck') vom 
Jahre 1803, mit den drei Tafeln typischer Wolkenbilder, ist selbst in England 
ausserordentlich selten und auf dem Kontinent fast gar nicht anzutreffen. Es 
schien mir daher passend, einen Neudruck dieses grundlegenden Werk- 
chens zu veranstalten, zumal das Studium der Wolken augenblicklich wieder im 
Vordergrunde meteorologischer Forschung steht. 

Da Druckschriften aus dem Anfange dieses Jahrhunderts in typographischer 
Hinsicht wenig Charakteristisches darbieten, habe ich von einem Facsimile- 
druck Abstand genommen, doch Hess es sich durch passende Wahl von Typen 
ermttglichen, dass der vorliegende Neudruck dem Originaldruck vom Jahre 1803 
tHuschend ahnlich sieht. Als Vorlage diente das Herrn G. J. Symons in 
London gehttrige Exemplar, das er hierzu freundlichst zur Verfilgung stellte. 



«^^ EINLEITUNG >^ 

Dagegen wurden von den drei Tafeln mit Wolkenabbildungen Facsimiles^) 
genomnien und diesem Neudruck beigeftigt. Als erste gelungene Darstellungen 
typischer Wolkenformen dUrfen sie unser hOchstes Interesse in Anspruch 
nehmen. 

Weitere Einzelheiten findet man in den nachfolgenden 

ERLAUTERUNGEN. 

1) Luke Howard wurde am 28. November 1782 in London geboren und nach 
voUendeter Schulzeit zum Apotheker ausgebildet; 1796 trat er mit William Allen 
in Geschftftsverbindung und zog nach Plaistow (Essex) nahe bei London, um das 
chemische Laboratorium zu Uberwachen. Hier besuchte ihn M. A. Pictet, der sein 
meteorologisches Observatorium als ein ringsum mit Fenstern umgebenes Kabinet 
schildert, wo keine sichtbare Ver&nderung in der Atmosph^e einem aufmerksamen 
Beobachter entgehen kOnne. Etwa 1805 siedelte er nach Stratford Qber und 1812 
verlegte er seinen Wohnsitz nach Tottenham. Hier oder auf seinem Landgute 
Ackworth (Yorkshire) verbrachte er den Rest seines Lebens. Er starb 92 Jahr alt 
am 21. Marz 1864. 

Abg^ehen von den humanit^en Bestrebungen , die er auch Preussen und 
Sachsen zu Theil werden liess, und die ihm unter anderem das Ehrenblirgerrecht der 
Stadt Magdeburg eingetragen haben, ist Luke Howard und seine Klassifikation 
derWolkenin Deutschland namentlich durch Goethe bekannt geworden. Goethe 
lemte Howard's Wolkenstudien etwa 1820 kennen, trat mit „dem Manne, der Wolken 
unterschied*' alsbald in Briefwechsel und suchte dessen Ideen durch eigene Be- 
obachtungen, Zeichnungen und sogar durch Verse (^Howards Ehrengedachtniss"*) 
zu verbreiten. 

Wer sich naher (iber diese interessanten Beziehungen unterrichten will, den 
verweise ich auf Goethe's Werk „2ur Naturwissenschaft Qberhaupt* (2 Bande S^. 
Stuttgart u. TQbingen 1817—1823), dessen 2. Theil (S. 7—19) eine Autobiographie 
Howard's enthfllt. Andere biographische Notizen findet man auch im ,4^ictionary of 
National Biography. Edited bySidneyLee" (London 1 891 . S^. Vol. XXXVIII, S. 51—52). 

'} Schon 1801 hatte der franzOsische Naturforscher J. B. Lamarck in seinem 
„Annuaire m^tdorologique pour Pan X" (Paris 8°, S. 149—164) den ersten Versuch 
einer Klassifikation der Wolken verOifentlicht, der aber selbst in Frankreich kaum 



*) Obige Verte sind dietem ,«Ebrengedllchtniss" entlehnt* Die vorletste Zeile ist to tv venttehen: 

Wie Streife tteigt sich ballt serflattert fMUt 

Stratus Cumulus Cirrus Nimbus. 



♦. • 
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beachtet wurde und der Luke Howard sicherlich unbekannt geblieben ist Lamarck 
unterschied folgende Wolkenformen: nuages en balayiires, nuages en barres, nuages 
pommel^, nuages group^s, nuages en voile und nuages attroup^. Im Jahre 1804-, 
also fast zwei Jahre nach dem Erscheinen von Howard's Arbeit, kam Lamarck 
in seinem ,^nnuaire m^t^orologique pour Pan XIII** (Paris 8°, S. 112 — 133) nochmals 
auf den Gegenstand zurtick („Nouvelle definition des termes que j'emploie pour 
exprimer certaines formes de nuages qu'il importe de distinguer dans Tannotation 
de P^tat du ciel") und schlug nun folgende zwOlf Wolkenformen vor: nuages 
brumeux, nuages terminus, nuages en voile, nuages en lambeaux, nuages boursouflds, 
nuages en barres, nuages en balayures, nuages pommel^s, nuages attroup6s, nuages 
coureurs, nuages groups und nuages de tonnerre oder diablotins, die er zum Theil 
wieder in mehrere Unterarten eintheilte. 

Eine derartige Terminologie war offenbar nicht dazu geeignet, die einfache 
lateinische Nomenklatur Howard's, die so viel zur Verbreitung seiner Wolken- 
eintheilung beigetragen hat, zu verdr&ngen. Dass aber Lamarck's diesbezttgliche 
Bemtihungen — seine Bemerkungen Uber die verschiedenen Wolkenformen sind 
vielfach vortrefiFlich und unleugbar das Resultat hHufiger eigener Wolkenbeobach- 
tungen — selbst in seiner Heimath unbeachtet geblieben sind, liegt wohl nur an 
dem Ort ihrer VerOfifentlichung; denn das „Annuaire m6t6orolog^que*' hat auch in 
den wissenschaftlichen Kreiscn Frankreichs nur geringe Verbreitung gefunden. 

') L. Howard legte seine Abhandlung „On the modifications of clouds^ im 
Winter 1802/3 zuerst der Askesian Society^) in London vor imd verOffentlichte sie so- 
dann in TiUoch's Philosophical Magazine Vol. XVI (No. 62, July 1803), S. 97-107; 
(No. 64, September 1803), S. 344-357; Vol. XVII (No. 65, October 1883), S. 5—11;' 
Plates VI, VII, VIII zu Vol. XVII. Er liess sich eine kleine Anzahl von Sonder- 
abdracken herstellen („small, and long since dispersed, Edition of it, originally 
printed separately for his use*^ heisst es am Ende der Vorrede zur Ausgabe vom 
Jahre 1832), um sie an wissenschaftliche Freunde zu vertheilen. Wahrscheinlich 
hater aber den Wunsch nach solchen Sonderabdrttcken dem Herausgeber Til loch 
erst nach dem Erscheinen des ersten Theiles seiner Arbeit im Juliheft des Phil. 
Mag. ausgedrackt, als der Satz schon abgelegt war; denn gerade in diesem Theile 
stimmt der Sonderabdruck mit dem Originaldruck im Phil. Mag. nicht zeilen- 
getreu Uberein. Dieser Theil musste vermuthlich neu gesetzt werden. Inhaltlich 
sind jedoch beide Drucke vollst&ndig identisch; nur wurde im Original-Sonderab- 
druck auf S. 26, hinter Zeile 14, die Ueberschrift „Of the Formation of the Cirrus" 
vergessen; auch h&tte die Citirung auf S. 28, Zeile 4 von oben, im Sonderabdruck 



*) Eine kleine wissenschaftliche Gesellschaft, der L. Howard als Mitglied angehdrte. Sie war ira 
Mftrs X796 gegriandet worden und hiclt vierxehnt&gii^ SiUungen ab. 
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geSndert werden mUssen in: (see p. 6). Beide Versehen sind im vorliegenden 
Neudruck vermieden worden, der aber sonst das Original getreu wiedergiebt 

Die kleinere erste HlQfte der Abhandlung (im vorliegenden Drucke bis zum 
dritten Absatz auf S. 13, also bis zu der Stelle, wo auf die drei Tafeln mit Wolken- 
abbildungen verwiesen wird) wurdc von dem Genfer Physiker M. A. Pictet, der 
auf einer Reise nach England Howard kennen gelemt hatte, ins FranzOsische 
tkbersetzt (Biblioth^que britannique. Sciences et Arts. Vol. 27, S. 185 — 206) und 
hieraus durch den Hallenser Professor L. W. Gilbert ins Deutsche tibertragen 
(„Ueber die Modificationen der Wolken, von Lucas Howard, Esq/' in den von 
Gilbert herausgegebenen Annalen der Physik, Bd. XXI, 1805, S. 137—159). 

Von einer Aufz&hlung der AuszUge, welche von L. Howard's Abhandlung in 
englischen Joumalen und in Encyclopaedien im Laufe der Jahre erschienen, glaube 
ich Abstand nehmen zu kOnnen; es gentigt zu konstatiren, dass seine Nomenklatur 
der Wolken zuerst in Grossbritannien, sp&ter auch im Auslande fast allgemeine An- 
nahme fand, wenn es auch bald nicht an Versuchen fehlte, dieselben zu modi- 
ficiren und zu verbessern. Howard selbst war noch mehrfach bemtiht, seinen Ideen 
weitere Verbreitung zu geben. Far Rees' Cyclopaedia schrieb er den Artikel 
„Cloud", der in Nicholson's Journal of Natural Philosophy, Vol. XXX, 1812, S. 35 
bis 62, unter dem Titel „The natural history of clouds" wieder abgedruckt wurde; 
in der ersten Auflage seines Werkes „The climate of London deduced from meteoro- 
logical observations . . ." (London 1818 — 20. 2 vol. 8^ kam er abermals darauf 
zurtick: auf S. XXXII des I. Bandes erkl&rte er sich ausdrttcklich gegen die von 
Thomas Forster eingefUhrten neuen Wolkennamen in englischer Sprache („I do 
not adopt them'*) und im zweiten Bande, S. 329—338, resUmirt er unter der Ueber- 
schrift „Terminology of clouds" seine frUheren Ausftlhrungen. Sodann verOffent- 
lichte Howard 1832 eine zweite Auflage der ursprQnglichen Abhandlung unter 
dem Titel: 

ESSAY I ON THE | MODIFICATIONS OF CLOUDS. | BY LUKE 
HOWARD , F. R. S. &c. | [FIRST PUBLISHED 1803.] | LONDON : | 
PUBLISHED BY HARVEY AND DARTON, | GRACECHURCH- 
STREET. I MDCCCXXXII. (80. 39 S.) 

jedoch ohne Wolkenabbildungen und licss diesen Text in der Einleitung 
(S. XXXIX — LXXII) zum ersten Bande der zweiten Auflage seines eben genannten 
Werkes „Thc climate of London'* (3 vol. 8^, London 1833) nochmals wttrtlich ab- 
drucken. Diese Ausgabe unterscheidet sich von der Originalausgabe vom Jahre 1803 
nur durch einige stylistische Aenderungen, sowie durch mehrfache kleine Aus- 
lassungen, die zum Theil schon durch das Fehlen der Tafeln bedingt waren. 
Dieselbe Fassung des Testes wurde auch in der dritten Auflage beibehalten, welche 

8 
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etwa ein Jahr nach dem Tode des Verfassers W. Dillworth Howard und 
Eliot Howard herausgaben: 

ESSAY I ON THE | MODIFICATIONS OF CLOUDS. | BY LUKE 
HOWARD, F. R. S. &c. | [FIRST PUBLISHED 1803.] | THIRD EDITION. | 
(Verlegerzeichen) | LONDON : | JOHN CHURCHILL & SONS , NEW 
BURLINGTON STREET. | MDCCCLXV. {AP. XVI, 37 S. 1 Bl. und 6 Tafeln 
mit Wolkenbildem). 

*) Die dem vorliegenden Neudnick beigegebenen drei Tafeln Wolkenbilder 
sind Facsimiles der im Philos. Mag. Vol. XVII enthaltenen Plates VI, VII und VIII. 
Sie sind laut Unterschrift von L. Howard gezeichnet und von Lowry gestochen; 
alle drei Tafeln sind in Strichmanier ausgeftihrt. Merkwtlrdigerweise enthftlt der 
Original-Son derabdruck die beiden ersten Tafeln (VI, VII) in einer etwas ver- 
schiedenen Ausftihrung von Lewis. Aus welch em Grunde dies geschehen ist, habe 
ich nicht ermitteln kOnnen. Fast dieselben Lowry 'schen Stiche findet man in 
„A treatise on meteorology. By George Harvey." (London 1834. 4*^. Plate 10. 
Abdruck aus der ^Encyclopedia Metropolitana"). Hier wird wieder J. W. Lo wry 
als Stecher genannt, als Zeichner aber S. Be van („Drawn by S. Bevan under the 
inspection of Luke Howard, F. R. S.'*). Es ist also sehr wohl mOglich, dass auch 
die im Jahre 1803 verOffentlichten Originalzeichnungen von Silvanus Bevan 
herrOhren, dem Howard am Schluss seiner Abhandlung „for his frequent and 
zealous aid in his observations and drawings" ausdrUcklich dankt. 

Die zweite Ausgabe vom Jahre 1832 enth&lt, wie bereits erwahnt, keine Wolken- 
abbildungen. Howard war zu der Meinung gekommen, dass einzelne t3rpische 
Bilder eher schaden als nUtzen. So Slussert er sich 1820 (The climate of London. 
Vol. II, S. 331): „For like reasons, I am averse from giving on every occasion, //<i/^j 
of the modifications; having found that the copying of a particular /^rv/ of each tends 
too much to limit the reader's views, in looking for it in the sky; while the exhibition 
of many varieties, would only serve to perplex him at the outsef ^ Doch sah er spHter 
die NUtzlichkeit solcher Wolkenzeichnungen wieder ein und empfahl z. B. in seinem 
kleinen Buche „Seven lectures on meteorology* (Pontefract 1837. 8°. Notes S. XXVII) 
zur Veranschaulichung des von ihm im Text Vorgetragenen „Indian ink sketches of 
the modifications". Im Mfkrz 1849 sch ein t er eine neue Reihe t3rpischer Wolkenbilder 
gezeichnet zu haben, welche der posthumen dritten Ausgabe vom Jahre 1865 bei- 
gegeben sind. Dieselben sind jedoch lange nicht so instniktiv, wie die ersten Zeich- 
nungen vom Jahre 1803. 

Berlin, den 21. Marz 1894, 30 Jahre nach L. Howard's Tode. 

G. HELLMANN. 
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This modification is on this account more peculiarly 
worthy of investigation. Little is yet ascertained of the re- 
lations of this and the last modification with the barometer, 
&c. although, as may be readily supposed, they have been 
found to accord with opposite indications of those instru- 
ments. 

Of the Cumulo-stratus, 

The different modifications which have been just treated 
of sometimes give place to each other, at other times two 
or more appear in the same sky; but in this case the clouds 
in the same modification lie mostly in the same plane of 
elevation, those which are more elevated appearing through 
the intervals of the lower, or the latter showing dark against 
the lighter ones above them. When the cumulus increases 
rapidly, a cirro-stratus is frequently seen to form around its 
summit, reposing thereon as on a mountain, while the for- 
mer cloud continues discernible in some degree through it. 
This state continues but a short time. The cirro-stratus 
speedily becomes denser and spreads, while the superior 
part of the cumulus extends itself and passes into it, the 
base continuing as before, and the convex protuberances 
changing their position till they present themselves laterally 
and downward. More rarely the cumulus alone performs 
this evolution, and its superior part constitutes the incum- 
bent cirro-stratus. 

In either case a large lofty dense cloud is formed, which 
may be compared to a mushroom with a very thick short 
stem. But when a whole sky is crowded with this modifi- 
cation, the appearances are more indistinct. The cumulus 
rises through the interstices of the superior clouds, and the 
whole, seen as it passes off in the distant horizon, presents 
to the fancy moimtains covered with snow, intersected with 
darker ridges and lakes of water, rocks and towers, &c. 
The distinct cumulo-stratus is formed in the interval be- 
tween the first appearance of the fleecy cumulus and the 

its possessing great extent, at such times, with little peq>endicular depth, 
and that degree of continuity of substance which seems requisite to the 
phaenomenon. There is also probably some additional peculiarity of 
structure in it not yet attended to. 

The following lines of Virgil seem to relate to an effect of the cirro- 
stratus, which in this country is more often to be observed on the setting 
sun: 

Ille ubi nascentem macuiis variaverit ortum 
Conditus in nubem, tnedioque refugerit or be, 
Suspecti tibi sint imbres: namque urget ab alto 
Arboribusque satisquc Notus, pecorique sinister. 

Georgic, lib. i. 

commencement 
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commencement of rain, while the lower atmosphere is yet 
too dry; also during the approach of thunder storms: the 
indistinct appearance of it is chiefly in the longer or shorter 
intervals of showers of rain, snow, or hail. 

The cumulo-stratus chiefly affects a mean state of the 
atmosphere as to pressure and temperature ; but in this re- 
spect, like the other modifications, it affords much room 
for future observation. 

Of the Nimbus, or CumulO'Cirro-stratus. 

Clouds in any one of the preceding modifications, at the 
same degree of elevation, or in two or more of them at 
different elevations, may increase so as completely to ob- 
scure the sky, and at times put on an appearance of density 
which to the inexperienced observer indicates the speedy 
commencement of rain. It is nevertheless extremely pro* 
bable, as well from attentive observation as from a consi- 
deration of the several modes of their production, that the 
clouds while in any one of these states do not at any time 
let fall rain. 

Before this effect takes place they have been uniformly 
found to undergo a change, attended with appearances suf- 
ficiently remarkable to constitute a distinct modification. 
These appearances, when the rain happens over our heads, 
are but imperfectly seen. We can then only observe, be- 
fore the arrival of tlie denser and lower clouds, or through 
their interstices, that there exists at a greater altitude a 
thin light veil, or at least a hazy turbidness. When this 
has considerably increased, we see the lower clouds spread 
themselves till they unite in all points and form one uniform 
sheet. The rain then commences, and the lower clouds, 
arriving from the windward, move under this sheet and are 
successively lost in it. When the latter cease to arrive, or 
when the sheet breaks, every one's experience teaches him 
to expect an abatement or cessation of rain. 

But there often follows, what seems hitherto to have been 
unnoticed, an immediate and great addition to the quantity 
of cloud. At the same time the actual obscurity is lessened, 
because the arrangement, which now returns, gives freer 
passage to the rays of light : for on the cessation of rain 
the lower broken clouds which remain rise into cumuli, 
and the superior sheet puts on the various forms of the cirro- 
stratus, sometimes passing to the cirro-cumulus. 

If the interval be long before the next shower, the cu- 
mulo-stratus usually makes its appearance, which it also 
does sometimes very suddenly after the first cessation. 

But 
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But we see the nature of this process more perfectly in 
viewing a distant shower in profile. 

If the cumulus be the only cloud present at such a time, 
we may observe its superior part to become tufted with nas- 
cent cirri. Several adjacent clouds also approach and unite 
laterally by subsidence. 

The cirri increase, extending themselves upward and la- 
terally; after which the shower is seen to commence. At 
other times the converse takes place of what has been de- 
scribed relative to the cessation of rain. The cirro-stratus 
is previously formed above the cumulus, and their sudden 
union is attended with the production of cirri and rain. 

In either case the cirri vef(etate^ as it were, in proportion 
to the quantity of rain falling, and give the cloud a cha- 
racter by which it is easily known at great distances, and 
to which, in the language of meteorology, we may appro- 
priate the nimbus of the Latins*. 

When one of these arrives hastily with the wind it brings 
but little rain, and frequently some hail or driven snow. 

In heavy showers, the central sheet once formed, is, as it 
were, warped to windward, the cirri being propagated above 
and against the lower current, while the cumuli arriving 
with the latter are successively brought to and contribute to 
reinforce it. 

Such are the phaenomena of showers. In continued 
gentle rains it does not appear necessary for the resolution 
of the clouds that the different modifications should come 
into actual contact. 

It is sufficient that there exist two strata of clouds, one 
passing beneath the other, and each continually tending to 
horizontal uniform diffusion. It will rain during this state 
of the two strata, although they should be separated by an 
interval of many hundred feet in elevation. See an instance 
in De Luc, fdies sur la Mitiorologie, tom. ii. p. 52, &c. 

As the masses of cloud are always blended and their ar- 
rangement destroyed before rain comes on, so the reappear- 
ance of these is the signal for its cessation. The thin sheets 
of cloud which pass over during a wet day, certainly receive 
from the humid atmosphere a supply proportionate to their 
consumption, while the latter prevents their increase in 
bulk. Hence a seeming paradox, which yet accords strictly 
with observation, that for any given hour of a wet day, or 
any given day of a wet season, the more cloud the less rain, 

* Qualis ubi ad terras abrupto sydere ninibus 
It mare per medium, miseris heu prescia longe 
Horrescimt corda agricolis. 

Hence 
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Hence also arise some further reflections on the purpose 
answered by clouds in the oeconomy of nature. Since rain 
may by produced by, and continue to fall from, the slightest 
obscuration of the sky by the nimbus (that is, by two sheets 
in different states), while the cumulus or cumulo-stratus, 
with the most dark and threatening aspect, shall pass over 
without letting fall a drop, until their change of state com- 
mences; it should seem that the latter are reservoirs in 
which the water is collected from a large space of atmo- 
sphere for occasional and local irrigation in dry seasons, 
and by means of which it is also arrested at times in its 
descent in the midst of wet ones*. In which so evident 
provision for the sustenance of all animal and vegetable life, 
as well as for the success of mankind in that pursuit so es- 
sential to their welfare, in temperate climates, of cultivating 
the earth, we may discover the wisdom and goodness of the 
Creator and Preserver of all things f. 

The nimbus, although in itself one of the least beautiful 
clouds, is yet now and then superbly decorated with its at- 
tendant the rainbow ; which can only be seen in perfection 
when backed by the widely extended uniform gloom of this 
modification t. 

The relations of rain, and of periodical showers more 
especially, with the varying temperature, density, and elec- 
tricity of the atmosphere, will probably now obtain a fuller 
investigation, and with a better prospect of success, than 
heretofore. 

Plate VI. a, «, represents different appearances of the cir- 
rus: b^ a regular cumulus: ^, a stratus occupying a valley 
at sun-set, in the midst of which is supposed a spot of 
higher ground, with trees, &c. 

Plate VII. <7, ^, exhibits the character of the cirro-cumu- 
lus, as also its appearance in the distance, b^ />, a light and 
a dark cirro-stratus ; the former taken just before the com- 
mencement of wet weather, the latter in the twilight of the 
evening, when dew was falling: the smaller ones show its 
appearance in the distance, r, c, the mixed and the distinct 
cumulo-stratus ; the latter in its most regular state, as some- 
times seen at the approach of thunder storms and after 
showers. 

Plate VIII. A distant shower coming from behind an ele- 

* Nulla dies adco est Australibus humida nimbis 
Non intermissis lit fliiat imber aquis. 
•]■ See on this subject, Job, chap, xxxvii. and xxxviii. 
X Bibit I N G E N S amis, says Virgil , in enumerating the prognostics of 
continued rain. 

vated 
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vated point of land, in which are represented the superior 
sheet stretching in different parts to windward, and cumuli 
advancing towards and entering the mass, the whole of 
which constitutes the nimbus. 

As the establishing distinctive characters for clouds has 
been heretofore deemed a desirable object, and it is conse- 
quently probable that the author^s modifications will begin 
to be noted in meteorological registers as they occur, a 
practice which may bet productive of considerable advan- 
tage to science, the following system of abbreviations may, 
perhaps, be found of some use in this respect. They will 
save room and the labour of writing, and types may be 
easily formed for printing them. These are advantages not 
to be despised, when observations are to be noted once or 
oftener in the day. It is only necessary that they be in- 
serted in a column headed Clouds ; that the modifications 
which appear together be placed side by side, and those 
which succeed to each other in the usual succession of the 
column, but separated by a line or space from the preced- 
ing and succeeding day's notations. 

\ Cirrus. 
n Cumulus. 
. Stratus. 
\n Cirro-cumulus. 
\_ Cirro-stratus. 
n— Cumulo-stratus. 
\n— Cirro-cumulo-status, or Nimbus. 



In tracing the various appearances of clouds, we have 
only adverted to their connection with the different states 
of the atmosphere (on which, indeed, their diversity in a 
great measure depends), having purposely avoided mixing 
difficult and doubtful explanation with a simple descriptive 
arrangement. 

0/ Evaporation, 

On the remote and universal origin of clouds there can 
be but one opinion— that the water of which they consist 
has been carried into the atmosphere by evaporation. It 
is on the nature of this process, the state in which the va- 
pour subsists for a time, and the means by which the water 
becomes again visible, that the greatest diversity of opinion 
has prevailed. 

The chemical philosopher, seduced by analogy, and ac- 
customed more to the action of liquids on solids, naturally 

regards 
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regards evaporation as a solution of water in the atmosphere, 
and the appearance of cloud as the first indication of its pre- 
cipitation ; which becoming afterwards (under favourable 
circumstances) more abundant, produces rain. The theory 
of Dr. Hutton goes a step further, assumes a certain rate 
of solution differing from that of the advance of tempera* 
ture by which it is effected, and deduces a general explana- 
tion of clouds and rain from the precipitation which, ac- 
cording to his rule, should result from every mixture of 
different portions of saturated air. The fundamental prin- 
ciple of this theory has been disproved in an essay hereto- 
fore presented to the society*, and which was written under 
the opinion, at present generally adopted by chemists, that 
evaporation depends on a solvent power in the atmosphere, 
and follows the general rules of chemical solution. 

The author has since espoused a theory of evaporation 
which altogether excludes the above-mentioned opi nion (and 
consequently Dr. Hutton's also), and considers himself in 
a considerable degree indebted to it for the origin of the 
explanation he is about to offer. It will be proper, therefore, 
to state the fundamental propositions of this theory, with 
such other parts as appear immediately necessary, referring 
for mathematical demonstrations and detail of experiments 
to the work itself, which is entitled "Experimental Essays 
on the Constitution of mixed Gases; on the Force of Steam 
or Vapour from Water and other Liquids in different Tem- 
peratures, both in a Torricellian Vacuum and in Air; on 
Evaporation; and on the Expansion of Elastic Fluids by 
Heat. By John Dalton." — See Memoirs of the Literary and 
Philosophical Society of Manchester, vol. v. part 2. — The 
propositions are as follow: 

" 1. When two elastic fluids, denoted by A and B^ are 
mixed together, there is no mutual repulsion amongst their 
particles; that is, the particles of -^ do not repel those of B^ 
as they do one another. Consequently, the pressure or 
whole weight upon any one particle arises solely from those 
of its own kind. 

" 2. The force of steam from all liquids is the same at equal 
distances above or below the several temperatures at which 
they boil in the open air; and that force is the same under 
any pressure of another elastic fluid as it is in vacuo. Thus 
the force of aqueous vapour of 21 2® is equal to 30 inches of 
mercury; at 30° below, or 182°, it is of half that force; 
and at 40^ above, or 252°, it is of double the force : so like- 

* See Phil. Mag. vol. xiv. p. 55. 
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wise the vapour from sulphuric ether which boils at 102°, 
then supporting 30 inches of mercury, at 30° below that 
temperature it has half the force, and at 40° above it, dou- 
ble the force: and so in other liquids. Moreover, the force 
of aqueous vapour of 60° is nearly equal to half an inch of 
mercury when admitted into a. Torricellian vacuum; and 
water of the same temperature, confined with perfectly dry 
air, increases the elasticity to just the same amount. 

" 3. The quantity of any liquid evaporated in the open air is 
directly as the force of steam from such liquid at its tem- 
perature, all other circumstances being the same." 

The following is part of the Essay on Evaporation : 

" When a liquid is exposed to the air, it becomes gradu- 
ally dissipated in it: the process by which this effect is 
produced we call evaporation, 

" Many philosophers concur in the theory of chemical so- 
lution: atmospheric air, it is said, has an affinity for water; 
it is a menstruum in which water is soluble to a certain de- 
gree. It is allowed notwithstanding by all, that each liquid 
is convertible into an elastic vapour in vacuo ^ which can 
subsist independently in any temperature; but as the utmost 
forces of these vapours are inferior to the pressure of the 
atmosphere in ordinary temperatures, they are supposed to 
be incapable of existing in it in the same way as they do in 
a Torricellian vacuum: hence the notion of affinity is in- 
duced. According to this theory of evaporation, atmo- 
spheric air (and every other species of air for aught that 
appears) dissolves water, alcohol, ether, acids, and even 
metals. Water below 212° is chemically combined with 
the gases; above 212° it assumes a new form, and becomes 
a distinct elastic fluid, called steam\ whether water first 
chemically combined with air, and then heated above 212°, 
is detached from the air or remains with it, the advocates 
of the theory have not determined. This theory has always 
been considered as complex, and attended with difficulties; 
so much that M. Pictet and others have rejected it, and 
adoptedthatwhich admits of distinct elastic vapours in the at- 
mosphere at all temperatures, uncombined with either of the 
principal constituent gases, as being much more simple and 
easy ofexphcation than the other; thoughthey do not remove 
the grand objection to it, arising from atmospheric pressure." 

'* On the Evaporation of Water below 212**. 

" I have frequently tried the evaporation at all the tem- 
peratures below 212: it would be tedious to enter into de- 
tail of all the experiments, but shall give the results at some 
3 remarkable 
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remarkable points. In all the high temperatures I used the 
vessel above mentioned*, keeping a thermometer in it, by 
which I could secure a constant heat, or at least keep it 
oscillating within narrow limits. 

" The evaporation from water of 180° was from 18 to 22 
grains per minute, according to circumstances ; or about 
one-half of that at 212°. 

" At 164° it was about one -third of the quantity at the 
boiling temperature, or from 10 to 16 grains per minute. 

" At 152° it was only one-fourth of that at boiling, or 
from 8 to 12 grains, according to circumstances. 

" The temperature of 144° affords one-fifth of the effect at 
boiling; 138° gave one-sixth, &c. 

" Having previously to these experiments determined the 
force of aqueous vapour at all the temperatures under 212°, 
I was naturally led to examine whether the quantity of water 
evaporated in a given time bore any proportion to the force 
of vapour of the same temperature, and was agreeably sur- 
prised to find that they exactly corresponded in every part of 
the thermometric scale: thus the forces of vapour at 212°, 
180°, 164^, 152°, 144°, and 138°, are equal to 30, 15, 10, 
7i, 6, and 5 inches of mercury respectively; and the grains of 
water evaporated per minute in those temperatures were 30, 
15, 10, 7i, 6, and 5, also; or numbers proportional to these. 
Indeed it should be so from the established law of mecha- 
nics, that all effects are proportional to the causes producing 
them. The atmosphere, it should seem, obstructs the dif- 
fusion of vapour, which would otherwise be almost instan- 
taneous, as in vacuo\ but this obstruction is overcome in 
proportion to the force of the vapour. The obstruction, 
however, cannot arise from the weight of the atmosphere, 
as has till now been supposed; for then it would effectually 
prevent any vapourfrom arising under 212* : but it is caused 
by the vis inertios of the particles of air, and is similar to 
that which a stream of water meets with in descending 
amongst pebbles. 

" The theory of evaporation being thus manifested from 
experiments in high temperatures, I found that if it was to 
be verified by experiments in low temperatures regard must 
be had to the force of vapour actually existing in the atmo- 
sphere at the time. For instance, if water of 59° were the 
subject, the force of vapour of that temperature is 1-60th 
of tibe force at 212°, and one might expect the quantity 

* This refers to experiments on the evaporation of water at 212^; for 
which see the Essay. 
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of evaporation 1-60th also; but if it should happen, as it 
sometimes does in summer, that an aqueous atmosphere to 
that amount does already exist, the evaporation, instead of 
being 1-60th of that from boiling water, would be nothing 
at all. On the other hand, if the aqueous atmosphere were 
less than that, suppose one-half of it, corresponding to 
39° of heat, then the effective evaporating force would be 
1-1 20th of that from boiling water: in short, the evaporating 
force must be universally equal to that of the temperature 
of the water, diminished by that already existing in the at- 
mosphere. In order to find the force of the aqueous atmo- 
sphere I usually take a tall cylindrical glass jar, dry on the 
outside, and fill it with cold spring water fresh from the 
well: if dew be inmiediately formed on the outside, I pour 
the water out, let it stand a while to increase in heat, dry 
the outside of the glass well with a linen cloth, and then 
pour the water in again: this operation is to be continued 
till dew ceases to be formed, and then the temperature of 
the water must be observed; and opposite to it in the table 
will be found the force of vapour in the atmosphere. This 
must be done in the open air, or at a window; because the 
air within is generally more humid than that without. 
Spring water is generally about 50°, and will mostly an- 
swer the purpose the three hottest months in the year; in 
other seasons an artificial cold mixture is required. The 
accuracy of the result obtained this way I think scarcely 
needs to be insisted upon. Glass, and all other hard, smooth 
substances I have tried, when cooled to a degree below what 
the surrounding aqueous vapour can support, cause it to be 
condensed on &eir surfaces into water. The degree of cold 
is usually from 1 to 10 below the mean heat of the 24 hours; 
in summer I have often observed the point as high as 58° 
or 59°, corresponding to half an inch of mercury in force; 
and once or twice have seen it at 62° : in changeable and 
windy weather it is liable to considerable fluctuation: but 
this is not the place to enlarge upon it. 

" For the purpose of observing the evaporation in atmo- 
spheric temperatures I got two light tin vessels, the one 
six inches in diameter and half an inch deep, the other 
eight inches diameter and three-fourths of an inch deep, 
and made to be suspended from a balance. When any ex- 
periment, designed as a test of the theory, was m^^de, a 
quantity of water was put into one of these (generally the 
six-inch one, which I preferred), the whole was weighed to 
a grain; then it was placed in an open window or other 
exposed situation for 10 for 15 minutes, and again weighed 

to 
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to ascertain the loss by evaporation; at the same time the 
temperature of the water was observed, the force of the 
aqueous atmosphere ascertained as above, and the strength 
of the current of air noticed. From a great variety of ex- 
periments made both in the winter and summer, and when 
the evaporating force was strong and weak, I have found 
the results entirely conformable with the above theory. The 
same quantity isevaporated with the same evaporatingforce 
thus determined, whatever be the temperature of the air, 
as near as can be judged; but with the same evaporating 
force, a strong wind will double the eiFect produced in a 
still atmosphere. Thus, if the aqueous atmosphere be cor- 
respondent to 40° of temperature and the air be 60°, the 
evaporation is the same as if the aqueous atmosphere were 
at 60° of temperature and the air 72° ; and in a calm air 
the evaporation from a vessel of six inches in diameter in 
such circimistances would be about '9 of a grain per minute, 
and about 1*8 grains per minute in a very strong wind; the 
different intermediate quantities being regulated solely by 
the force of the wind." 

0/ the Aqueous Atmosphere, 

Having quoted so much of this essay as may suffice to ex- 
hibit the principles on which we shall proceed, it may be 
useful, before we do this, to recapitulate the following cir- 
cumstances respecting the atmosphere of aqueous gas, or 
(for brevity) the aqueous atmosphere. 

1st, It is supplied by the process of evaporation, which 
by this theory appears to be reduced to the immediate union 
of water with caloric into a binary compound, aqueous gas, 

2dly, The supply of vapour (by which term, for the pur- 
poses of meteorology, we may denote aqueous gas,) is re- 
gelated by the following circumstances : — 1. Temperature 
of the evaporating water, being greater as this is higher, and 
vice versd, 2. Quantity of surface exposed. Since it is from 
the surface only of the mass that the vapour in common 
cases can escape, the supply is in direct proportion thereto. 
3. Quantity of vapour already subsisting in the atmosphere : 
the evaporation being less (with equal temperature and sur- 
face) in proportion as this is greater, and vice versd, 

3dly, The vapour thus thrown into the atmosphere is dif- 
fusible therein by its own elasticity, which suffices for its 
ascent to any height in a perfect calm. Yet, as in this case 
the inertia of the particles of air considerably resists its dif- 
fusion, so in the opposite one of a brisk current, the vapour, 
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by the same rule, must in some measure be drawn along with 
the mass into which it enters. 

4thly, The quantity of vapour which, under equal pres- 
sure, can subsist in a given mass of air, will be greater as 
the common temperature is higher, and vice versa^. 

Aqueous vapour is the only gas contained in the atmo- 
sphere which is subject to very sensible variations in quan- 
tity. These variations arise from its attraction for caloric 
being inferior to that of all the others. Hence when a cold 
body, such as the glass of water in the experiment above 
quoted, is presented to the atmosphere, the other gases, 
composing the latter, will only be cooled by it (and that at 
all known temperatures) ; but the vapour, after being more 
or less cooled, will begin to be decomposed, its caloric en- 
tering the body while the water is left on the surface. 

The formation of cloud is in all cases the remote conse- 
quence of a decomposition thus effected, except that the ca- 
loric escapes, not into a solid or liquid, but into the sur- 
rounding gases. 

Of the Formation of Dew. 

Dew is the immediate result of this decomposition. The 
particles of water constituting it are, singly, invisible, on ac- 
count of their extreme minuteness. The approach of dew 
is, nevertheless, discoverable by a dark hazy appearance, 
verging frompurple to faint red, extendingfromthehorizon 
to a small distance upwards, and most conspicuous over val- 
leys and large pieces of water. 

The theory of dew seems to be simply this: — During the 
heat of the day a great quantity of vapour is thrown into the 
atmosphere from the surface of the earth and waters. When 
the evening returns, if the vapour has not been carried off 
in part by currents, it will often happen that more remains 
diffused in the general atmosphere than the temperature of 
the night will permit to subsist under the full pressure of 

* "The aqueous vapour atmosphere is variable in quantity according to 
temperature: in the torrid zone its pressure on the surface of the earth is 
equal to the force of *6| and from that to one inch of mercury. In these 
parts it rarely amounts to the pressure of '6, but I have frequently obserred 
it above half an inch in summer: in winter it is sometimes so low as to be of 
no more force than '1 of an inch of mercury, or even half a tenth, in this 
latitude, and consequently much less where the cold is more severe. This 
want of equilibrium in the aqueous vapour atmosphere is a principal cause 
of that constant inundation of it into the temperate andfrigid zones,where 
it becomes in part condensed in its progress by the cold, like the vapour 
of destination in the worm of a refrigeratory, and supplies the earth with 
rain and dew." See the Essays above quoted. 
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the aqueous atmosphere. A decomposition of the latter 
then commences, and is continued until the general tempe- 
rature and aqueous pressure arrive at an equilibrium, or until 
the returning sun puts an end to the process. The caloric of 
the decomposed vapour goes to maintain the general tempe- 
rature; while the water is separated in drops, which, minute 
as they are, arrive successively at the earth in the space of 
a few hours. That the ordinary production of dew is by a 
real descent of water from the atmosphere, and not by de- 
composition of vapour on surfaces previously cooled (as in 
the experiment already mentioned), any one may readily 
be convinced by observing in what abundance it is collected 
by substances which are wholly unfit to carry off the requisite 
quantity of caloric for the latter effect. 

Of the Formation of the Stratus. 

The case which has been just stated, of the decomposition 
of vapour by the atmosphere in which it is already diffused^ 
goes but a little way in explanation of the production of a 
cloud consisting of visible drops, and confined to a certain 
space in the atmosphere: much less does it enable us to ac- 
count for the diversity of its situations and appearances. In 
attempting this we will begin with the stratus, as the most 
simple in structure, and the next step, as it were, in the pro- 
gress of nubification. 

When dew falls upon a surface the temperature of which 
b superior to that of the atmosphere, it is plain that it will 
not continue there, but will be evaporated again: and a body 
so circumstanced will continue to refund into the atmo- 
sphere the whole of the water thus ^r^^i/a/Zy deposited on it, 
so long as its substance can supply the requisite tempera- 
ture to the surface. Moreover, water either in mass, or 
diffused among sand, clay, vegetable earth, &c. will con- 
tinue to be evaporated therefrom with a force proportioned 
to its temperature, so long as the latter continues abovethat 
point which counterbalances the pressure of the aqueous at- 
mosphere. 

From these causes it happens, that after the earth has 
been superficially dried by a continuance of sunshine, and 
heated, together with the lakes and rivers, to a considerable 
depth, there is an almost continual emission of vapour into 
the atmosphere by night. 

This nocturnal evaporation is usually most powerful in 
the autumn, about the time that the temperature of the 
nights undergoes a considerable and sometimes pretty sudden 
depression attended with a calm. 
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In this state of things the vapour arising from the heated 
earth is condensed in the act of diffusing itself (if we may 
be aUowed the expression): the cold particles of water thus 
formed, in descending meet the ascending stream of vapour, 
and condense a portion on their surfaces: if they touch the 
earth they are again evaporated, which is not necessarily the 
case if they alight on the herbage. In this way an aggregate 
of visible drops is sooner or later formed*; and as from the 
temperature thus communicated to the air next the earth 
the vapour has still further and further to rise in order to be 
condensed, the cloud will be propagated upward in propor- 
tion. 

Hence the stratus most usually makes its appearance in 
the evening succeeding a clear warm day, and in that qui- 
escent state of the atmosphere which attends a succession 
of them. Hence also the frequency of it during the pe- 
netration of the autumnal rains into the earth; while in 
spring, when the latter is acquiring temperature together 
with the atmosphere, it is rarely seen. 

Of t/ie Formation of the Cumulus. 

When the sun's rays traverse a clear space of atmosphere, 
it is well known that they communicate no sensible increase 
of temperature thereto. It is by the contact, and what may 
be termed the radiation^ of opake substances exposed to the 
light, that caloric is thrown into the atmosphere. 

Thb effect is first produced on the air adjacent to the 
earth's surface, and proceeds upward, more or less rapidly, 
according to the season and other attendant circumstances. 
In the morning, therefore, evaporation usually prevails 
again ; and the vapour which continues to be thrown into 
air, now increasing in temperature, is no longer condensed: 
on the contrary, it exerts its elastic force on that which the 
nocturnal temperature had not been able to decompose, and 
which consequently remained universally diffused. The 
latter, in rising through the atmosphere to give place to the 
supply from below, must necessarily change its climate, quit 
the lower air of equal temperature, and arrive among more 
elevated and colder air, the pressure from above still conti- 
nuing unabated. The consequence is a partial decompo- 
sition, extending through the portion thus thrown up, and, 
in short, a recommencement in the superior region, of the 
same process which in the vicinity of the earth furnished 
the dew of the night. In this case, however, the particles 

* A plentiful dew may often be found on the grass after a stratus. 
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of water cannot arrive at the earth, as they are necessarily 
evaporated again in their descent. 

It appears that this second evaporation takes place pre- 
cisely at that elevation where the temperature derived from 
the action of the sun's rays upon the earth, and decreasing 
upward, becomes just sufficient to counterbalance the pres- 
sure of the superior vapour. 

Here is formed a sort of boundary between the region of 
cloud and the region of permanent vapour, which for the 
present purpose, and until we are furnished with a nomen- 
clature for the whole science of meteorology, may be deno- 
minated the evaporating plane, or, more simply, the vapour 
plane*. 

Immediately above the vapour plane, then, the formation 
of the cumulus commences (as soon as a sufficient quantity 
of vapour has been thrown up) by the mixture of descend- 
ing minute drops of water with vapour newly formed, and 
just diffusing itself, as in the case of the stratus before de- 
scribed. 

A continuance of this process might be expected to pro- 
duce a uniform sheet of cloud, in short a stratus, only differ- 
ing in situation from the true one. Instead of which we see 
the first-formed small masses become so many centres, to- 
wards which all the water afterwards precipitated appears to 
be attracted from the space surrounding them; and this at- 
traction becomes more powerful as the cloud increases in 
magnitude, insomuch that the small clouds previously 
formed disappear when a large one approaches them in its 
increase, and seem to vanish instead of joining it. This is 
probably owing to the small drops composing them having 
passed in a loose manner, and successively, into the large 
one, and consequently so as not to be traced in their pas- 
sage. 

Are the distinct masses into which the drops form them- 
selves, in this case, due to the attraction of aggregation alon^, 
or is the operation of any other cause to be admitted? 

A rigid mathematician would perhaps answer the latter 
clause in the negative; and with such a conclusion we 
should have great reason to remain satisfied, as cutting short 
much of the inquiry that is to follow, were it not that it 
leaves us quite in the dark, both as to the cause of the variety 
so readily observable in clouds, and their long suspension, 
not to insist on several facts contained in the former part of 
this paper, which would then remain unaccounted for. 

* Wc use the word plane here in the same sense in which we apply 
it to a surface of water. Strictly speaking, it is a portion of a sphere. 
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The operation of one simple principle would produce an 
effect at all times uniform^ and varying only in degree. We 
should then see no diversity in clouck but in their magni- 
tude, and the same atteaction that could bring minute drops 
of water together through a considerable space of atmo- 
sphere in a few minutes, ought not to end there, but to effect 
their perfect union into larger, and finally into rain. 

In admitting the constant operation of electricity, which is 
sometimes so manifestly accumulated in clouds, upon their 
forms and arrangement, we shall not much overstep the limits 
of experimental inquiry, since it has been ascertained by se- 
veral eminent philosophers, that '^clouds, as well as rain, 
snow, and hail, that fall from them, are almost always elec- 
trified*." 

An insulated conductor formed of solid matter retains 
the charge given to it so much the longer, as it is more 
nearly spherical, and free from points and projecting parts. 
The particles of water, when charged, appear to make an 
effort to separate from each other, or, in other. words, be- 
come mutually repulsive. Moreover, when a small con- 
ducting substance is brought within the reach of a large 
one similarly electrified, the latter, instead of repelling, will 
throw the small one into an opposite state, and then attract 
it. From these and other well-known facts in electricity it 
wovdd not be difficult to demonstrate, that an assemblage of 
particles of water floating in the atmosphere, and similarly 
electrified, ought to arrange themselves in a spherical ag- 
gregate, into which all the surrounding particles of water 
shovdd be attracted (within a certain distance) at the same 
time that the drops composing such aggregate should be 
absolutely prevented from uniting with each other during 
the equilibrium of their electricity. 

To apply this reasoning to the formation of the cumulus, 
we may, in the first place, admit that the conmiencement 
of distinct aggregation, in the descending particles of water, 
is due to their mutual attraction, by virtue of which small 
bodies, floating in any medium, tend to coalesce. The 
masses thus formed, however, often increase more rapidly 
than covdd be expected from the effect of simple attraction 
exercised at great distances; and when the cloud has arrived 
at a considerable size, its protuberances are seen to form, and 
successively sink down into the mass, in a manner which 
forces one to suppose a shower of invisible drops rushing 
upon it from all parts. 

♦ Cayallo. Complete Treatise on Electricity, vol. i. p. 74. 
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In unsettled weather the rapid formation of large cumuli 
has been observed to clear the sky of a considerable hazy 
whiteness, which on the other hand has been found to ensue 
upon their dispersion *. 

On these considerations we are obliged to admit as a co- 
operating cause of the increase of this cloud, that sort of at- 
traction which large insulated conducting masses exercise, 
when charged, on the smaller ones which lie within their 
influence. Insteadof a i/>^^r/Va/ aggregate, however, we have 
only a sort of hemisphere, because that part of the cloud 
which presents itself towards the earth can receive no ad- 
dition from beneath, there being no condensed water. On 
the contrary, the mass must be continually suffering a di- 
minution there by the tendency of the cloud to subside, and 
of the vapour plane to rise during the increase of the diur- 
nal temperature. It is this evaporation that cuts off" all the 
cumuli visible at one time in the same plane, and it is rea- 
sonable to conclude that much of the vapour thus produced 
is again condensed without quitting the cloud, as its course 
would naturally be mostly upward. Thus the drops of 
which a cumulus consists may become larger the longer it 
is suspended, and the electricity stronger from the compa- 
rative diminution of surface. 

Such is probably the manner in which this curious struc- 
ture is raised, while the base is continually escaping from 
beneath it. That we may not however be accused of build- 
ing such a castle in the air by attempting further conjec- 
ture, we may leave the present modification, after recapitu- 
lating some of its circumstances which appear to be ac- 
counted for. 

The cumulus appears only in the day time, because the 
direct action of the sun's rays upon the earth can alone put 
the atmosphere into that state of inequality of temperature 
which has been described. It evaporates in the evening 
from the cessation of this inequality, the superior atmo- 
sphere having become warmer, the inferior colder: attend- 
ed with a decrease of the superficial evaporation. It be- 
g^s to form some hours after sun-rise, because the vapour 
requires that space of time to become elevated by the gra- 

*That clouds are not always evaporated when they disappear, but 
sometimes dispersed so as to become invisible as distinct aggregates, is 
a fact pretty well ascertained by observations. This happens sometimes 
by the approach of other clouds; at others, the evaporation of part of a 
cumulus is followed by the dispersion of the remainder. The criterion 
used was the speedy production of transparency in the one case, and of 
hazy turbidness in the other. 

dual 
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dual accession from below. When a stratus covers the 
ground at sun-rise, however, we often see it collect into 
cumuli upon the evaporation of that part of it which is im- 
mediately contiguous to the earth: and this effect ought to 
happen ; for the cloud is then insulated, the vapour plane is 
established, and every thing in the same state, except in 
point of elevation, as in the ordinary mode of production 
of the cumulus. 

Lastly, the cumulus, however dense it becomes, does not 
afford rain, because it consists of drops similarly electrified 
and repelling each other, and is moreover continually eva- 
porating from the plane of its base. The dhange of form 
which comes on before it falls in rain, and which indicates 
a disturbance of its electrical state, will be noticed hereafter. 

Of the Formation of the Cirrus. 

It must have been owing entirely to the want of distinc- 
tive characters for clouds, and the consequent neglect of 
observing their changes, that the nature of this modification 
more especially has not engaged the attention of electri* 
cians. The attraction of aggregation operating on solid par- 
ticles diffused in fluids does indeed produce a great variety 
of ramifications in the process of crystallization: but these 
are either uniform in each substance, or have a limited 
number of changes; and in no instance do we see the same 
substance separating from the same medium, and, uncon- 
fined in its movements, rival the numerous metamorphoses 
of the cirrus. 

The great elevation of these clouds in their ordinary mode 
of appearance has been ascertained both by geometrical ob- 
servations* and by viewing them from the sununits of the 
highest mountains, when they appear as if seen from the 
plain. A more easy and not less convincing proof may be 
had by noting the time during which they continue to re- 
flect the different coloured rays after sunset, which they do 
incomparably longer than any others. The same configura- 
tion of cirrus has been observed in the same quarter of the 
sky for two successive days, during which a smart breeze 
from the opposite quarter prevailed below. 

It is therefore probable that this modification collects its 
water in a comparatively calm region, which is sometimes 
incumbent on the current next the earth, and almost out of 
the reach of its daily variations in temperature and quantity 

^ '* The small white streaks of condensed vapour which appear on 
the face of the sky in serene weather I have, by several carefiU obser- 
vations, found to be from three to five miles above the earth's surface." 
— Dalton. 
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of vapoar; but at other times is interposed between the 
latter and a supervening current from another climate, in 
which case it may be affected by both currents. 

The cumulus has been just now considered as an insu- 
lated body, consisting of perfectly moveable parts which 
accommodate themselves to the state oi retaining electricity. 
We shall attempt to explain the nature of the cirrus by 
comparing it to those imperfect conductors, which being 
interposed between electrics and conductors, or between the 
Utter in different states, serve to restore by degrees the equi- 
librium of the electric fluid. 

If a lock of hair be properly fixed on the prime conductor 
and electrified plus, the hairs will be separately extended at 
as great a distance from each other as possible; in which 
state they will continue some time. The reason appears to 
be, that the contiguous air is then minus \ and consequently 
tiiese two moveable substances put themselves into the state 
most favourable to a communication which is but slowly 
effected between bad conductors. 

The same appearances will take place if the lock be elec- 
trified minus y the contiguous air being plus\ and in each 
case the hairs will move from a body similarly electrified 
and brought near them, and towards one contrariwise elec- 
trified, &c. Moreover, if we could insulate such a charged 
lock in the midst of a perfectly tranquil atmosphere of 
sufficient extent, in which particles of conducting matter 
were suspended, the latter would be attracted by it so long 
as the charge continued; after which they would be at large 
as before. 

,Dry air being an electric, and moist air but an indifferent 
conductor, it is reasonable to suppose that an immediate 
communication of electricity between masses of air differ- 
ently charged can scarcely happen to any great extent, ex- 
cept by the intimate mixture of such masses; an occurrence 
which may possibly result in some such cases, and occasion 
strong winds and commotions in the atmosphere. If we 
consider how frequently, and to what an extent, the elec- 
tricity of the air is disturbed (as appears from numerous 
experiments) by evaporation, by the formation and pas*- 
sage of clouds, by elevation or depression of temperature, 
(by friction upon surfaces of ice?) it seems probable that 
the particles of water floating in a calm space may be fre- 
quently converted into conductors, by which theeqiiilibrium 
is in part restored after such disturbance. 

Viewing the cirrus in this light, it becomes important for 
those who are well versed in electricity to study its appear- 
ances, and compare them with the changes that ensue in 
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the atmosphere. A number of observations, made hitherto 
chiefly in one place, and without system or aid from con- 
current ones in other places, have famished the preceding 
data (see p. 6), which may serve as hints for future 
investigation. 

At present we can only conjecture that the local detached 
cirri which ramify in all directions are collecting particles 
of water from the surrounding space, and at the same time 
equahzing their own electricity with that of the air or va- 
pour. 

That when numerous oblique short tufts appear, they are 
conducting between the air above and that below them. 

That a decided direction of the extremities of pendent 
or erected cirri from the mass they join towards any quar- 
ter, is occasioned by the different electricity of a current of 
air which is pressing upon the space they are contained in 
from thence. This is the most important point to attend 
to, as these tails sometimes veer half round the compass 
in the course of a few hours; and many observations have 
confirmed the fact that they point towards the coming wind, 
and are larger and lower as this is about to be stronger. 

Lastly, that cirri in parallel lines stretching from horizon 
to horizon denote a commimication of electricity carried 
on through these clouds over the place of observation; the 
two predisposing masses of atmosphere being very distant, 
and the intermediate lower atmosphere not in a state to 
conduct it. It is at least a circumstance well deserving in- 
quiry, by what means the clouds in stormy seasons become 
arranged in these elevated parallel bars, which must be at 
least60miles long, and are probably much more, considering 
their elevation, and that both extremities are often invisible. 

0/ the Nature of the intermediate Modifications. 

The conversion of the cirrus into the cirro-cumulus is a 
phaenomenon which at some seasons may be daily traced, 
and serves to confirm the opinion that there exists some- 
what of the same difference between the cumulus and the 
cirrus, as between a charged and a transmitting or an in- 
fluenced conductor among solid bodies. On this supposi- 
tion, the orbicular arrangement of the particles ought to take 
place as soon as the mass has ceased to conduct from par- 
ticle to particle, or to be so acted on by a contiguous con- 
ductor as to have 9iplus and minus state within itself at the 
same time: and as this sort of communication in a cloud 
may be as slow as in other imperfect conductors, the equi- 
librium among the particles may be restored at one extre- 
mity 
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mity some time before the other has ceased to transmit; 
whence a visible progress of the change which may be traced 
in a cirrus of sufficient length. 

That an extensive horizontal cirrus should become divi- 
ded across its ramifications, and that these divided parts 
should assume more or less of a round form, is also con- 
sistent with the idea of a change of this sort*. It is not 
so easy to give a reason why these small orbicular masses 
should remain in close arrangement, or even in contact, for 
several hours, forming a system of small clouds which yet 
do not interfere with each other or run together into one, 
but remain as it were in readiness to reform the cirrus, 
wich sometimes happens very suddenly, though they more 
frequently evaporate by degrees. 

The same remark must be applied to the curious and 
as it were capricious divisions and subdivisions, both lon- 
gitudinal and transverse, which happen in the cirro-stratus 
when this cloud is verging towards the cirro-cumulus. In 
general, nevertheless, its appearance is sufficiently distinct 
from that of the cirrus and cirro-cumulus. The cirrus by 
its great extent in proportion to its mass, its distinct lines 
and angular.flexures in all directions, and the cirro-cumulus 
by the roundness and softness of its forms, indicates an es- 
sential difference in the state of the containing atmosphere. 
The cirro-stratus appears to be always in a subsiding state, 
slowly diminishing by evaporation or dispersion, and at the 
same time more feebly acted upon by electricity than the 
preceding modifications. Indeed, the lower atmosphere is 
usually pretty much charged with dew or haze at the time 
of its appearance, and therefore in a state to conduct it to 
the earth. 

Of the Nature of the Compound Modifications ^ and of the 
Resolution of Clouds into Rain, ^c. 

From the theory of evaporation it appears that no per- 
manent cloud can be formed in the atmosphere, however 
low the temperature, without a sufficient pressure from va- 
pour previously diffused. Hence, although in cold weather 
the breath and perspiration of animals, as also water at a 
certain excess of temperature, occasion a visible cloud, and, 

* A quickly evaporating cumulus sometimes leaves a regular cirrus 
behind, formed out of the remnant of the cloud which in the interme- 
diate state, and just when it begins to show the sky through it, ex- 
actly represents the pores and fibre of sponge. This may be attributed 
to the quantity of electricity passing into or ^om the cloud at that time. 
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in fact, from the same cause as heretofore stated, (the water 
fkst condensed being followed by undiffused vapour;) yet 
this cloud speedily evaporates again at all times, except wten 
precipitation is actually going on at large in the atmosphere 
next the ground; when it is only dispersed tiierein. By 
comparing the different effects of a clear frosty air, and of a 
misty though much warmer one, on the perspiration and 
breath of horses warmed by labour, we may be assisted in 
reasoning on the great case of evaporation, which, in some 
sense, is the perspiration of the earth. 

The most powerful predisposing cause of evaporation 
appears to be a superior current in the atmosphere coming 
from a region where the low temperature of the surface, or 
its dry state, occasions a comparative deficiency of vapour. 
Hence, after heavy rain in winter, we see the sudden evapo- 
ration, first of the remaining clouds, then of the water on 
the ground, followed by a brisk northerly wind and sharp 
frost. 

The very snow which had fallen on its arrival is some- 
times totally evaporated again during the prevalence of such 
a wind. On the contrary, the first appearance of cloud» 
forming in cold weather gives us to expect a speedy remis- 
sion of the frost, although the cause is not generally known 
to be a change to a southerly direction already begun in 
the superior atmosphere, which consequently brings on an 
excess of vapour. 

This excess of vapour, coming with a superior current, 
may be placed next to depression of temperature among the 
causes of rain. The simultaneous decomposition or the 
higher imported vapour, and of that which is formed on the 
spot, or already diffused in the inferior current, would ne«> 
cessarily produce two orders of cloud, differing more or 
less in electricity as well as in other respects. To the slow 
action of these upon each other, while evaporation conti- 
nues below, may be attributed the singular union which 
constitutes the cumulo-stratus. It is too early in the pre- 
sent state of the subject to attempt to define the precise 
mode of this action, or to say by what change of state* a 
cumulus already formed is thrown into this modification. 
That the latter phsenomenon is an electrical effect, no one 
who has had opportunity to see its rapid progress during 
the approach of a thunder storm can reasonably doubt 

To assert that rain is in almost every instance the result 
of the electrical action of clouds upon each other, might 
appear to many too speculative, were we even to bring tiie 
authority of Kirwan for it, which is decidedly in favour of 

this 



31 

this idea: yet it is in a great measure confirmed by ob- 
servations made in various ways upon the electrical state of 
clouds and of fain, not to insist on the probability that a 
thunder storm is only a more sudden and sensible display 
of those energies which, according to the order observable 
in the creation in other respects, ought to be incessantly 
and silently operating for more general and beneficial pur- 
poses. 

In the formation of the nimbus, two circumstances claim 
particular attention : the spreading of the superior masses 
of cloud in all directions until they become, like the stratus, 
one uniform sheet; and the rapid motion and visible de- 
crease of the cumulus when brought under the latter. The 
cirri, also, which so frequently stretch from the superior 
sheet upward, and resemble erected hairs, carry so much 
the appearance of temporary conductors for the electricity, 
extricated by the sudden union of its minute drops into the 
vastly larger ones which form the rain, that one is in a 
manner compelled, when viewing this phaenomenon, to in- 
dulge a little in electrical speculations. By one experiment 
of Cavallo's, with a kite carrying three hundred and sixty 
feet of conducting string, in an interval between two 
showers, and kept up during rain, it seems that the su- 
perior clouds possessed a positive electricity before the rain, 
which on the arrival of a large cumulus gave place to a very 
strong negative, continuing as long as it was over the kite. 
We are not, however, warranted from this to conclude the 
cumulus which brings on rain always negative, as the same 
effect might ensue from a positive cumulus uniting with a 
negative stratus. Yet the general negative state of the lower 
atmosphere during rain, and the positive indications com- 
monly given by the true stratus, render this the more pro- 
bable opinion. It is not, however, absolutely necessary to 
determine the several states of the clouds which appear 
during rain, since there is sufficient evidence in favour of 
the conclusion, that clouds formed in different parts of the 
atmosphere operate on each other, when brought near 
enough, so as to occasion their partial or entire destruction ; 
an effect which can only be attributed to their possessing 
beforehand, or acquiring at the moment, the opposite elec- 
tricities. 

It may be objected that this explanation is better suited 
to the case of a shower than to that of continued rain, for 
which it does not seem sufficient. If it should appear, 
nervertheless, that the supply of each kind of cloud is by 
any means kept up in proportion to the consumption, the 
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objection will be answered. Now, it is a well-known fact, 
that evaporation from the surface of the earth and waters 
often returns and continues during rain, and consequently 
affords the lower clouds, while the upper are recruited from 
the quantity of vapour brought by the superior current, and 
continually subsiding in the form of dew ; as is evident both 
from the turbidness of the atmosphere in rainy seasons, and 
the plentiful deposition of dew in the nocturnal intervals of 
rain. Neither is it pretended that electricity is any further 
concerned in the production of rain than as a secondary 
agent, which modifies the eiFect of the two grand predis- 
posing causes— a falling temperature and the influx of va- 
pour. 

The theory of rain, however, was not intended to be dis- 
cussed in the present essay, which has already been ex- 
tended to the usual limits. We may therefore conclude 
with requesting, that those who possess the means, and 
have acquired the habit of experimental observation, will 
take suitable opportunities to submit to this test the pre- 
ceding conjectures on the nature of several clouds. These 
might have been extended further, but that the author was 
unwilling to go beyond the line which the experiments 
of several eniinent philosophers, and a few of his own, 
seemed to point out as safe in the present state of the 
subject. 

The author thinks he cannot more properly terminate 
this essay than in publicly acknowledging the obligation he 
lies under to his friend 3ilvanus Bevan jun. for his frequent 
and zealous aid in his observations and drawings. 
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ANKONDIG ung. 

Unter dem umstehenden Gesammttitel sollen einige alte und selten ge- 
wordene Schriften und Karten aus dem Gcbiete der Meteorologie und des Erd- 
magnetismus , welche ftir die Entwickelung dieser Wissenschaften wichtig sind, 
oder die einen grossen historischen Werth haben, in Neudrucken erscheinen. 
Bei schr seltenen und zugleich in typographischer Hinsicht ausgezeichneten 
Schriften wird Facsimiledruck gew^lt. 

Dem eigentlichen Neudruck geht jedesmal voraus eine Einleitung, die nach 
allgemeiner Charakterisirung des betreifenden Wcrkes bibliographische, bio- 
graphische und sonstige Bemerkungen tiber dasselbe und seinen Verfasser enthfllt. 

Wahrend Facsimiledrucke gewOhnlich so hohe Preisc haben, dass nur 
Liebkaber sie kaufen kOnnen, sind Dank der Untersttitzung, welche die Deutsche 
Meteorologische Gesellschaft und deren Berliner Zweigverein dem Unternehmen 
zu Thcil werden lassen, diese Neudrucke zu relativ sehr billigen Preisen er- 
hftltlich. -— Bisher sind erschienen: 

No. 1. L. Reynman, Wetterbachlein. Von wahrer Erkenntniss des Wetters. 

1510. 41 Seiten Einleitung u. 14 S. Facsimile. Preis 6 Mark. 
Das aiteste meteorologische Druckwerk in deutscher Sprache, ein richtiges 
Volksbuch, das in 17 Jahren 34 verschiedene Auflagen erlebt hat. Trotzdem ist 
es jetzt so selten gewordcn, dass sich kaum drei Dutzend Ezemplare nachweisen 
liessen. Von grossem Interesse auch filr den Literatur- und Culturhistoriker. 

No. 2. Blaise Pascal, R^clt de la Grande Experience de r£quillbre des LI- 

qneUFS. Pahs 1648. 10 S. Einleitung u. 20 S. Facsimile. Preis 3 Mark. 
Diese kleine Schrift ist f(\r die Geschichte der Physik, der Meteorologie 
und der physikalischen Geographic von der allergrOssten Wichtigkeit; denn sie 
Heferte den entscheidenden Beweis fiir das Vorhandensein des Luftdruckes und 
legtc den Grund zur barometrischen HOhenmessung. Sie gehOrt zu den biblio- 
graphischen Seltenheiten crsten Ranges, da nur noch 3 Exemplare des Original- 
dnickes vorhanden sind. 
No. 8. Lake Howard, On the modifications of clouds. London 1803. 9 u. 32S. 

Mit drei Tafeln Wolkenabbildungen in Facsimile. Preis 3 Mark. 

Der erste gelungene Versuch einer Wolkennomenklatur, auf den alle 
spttteren zuriickgehen. Der Originaldruck ist sehr selten. Auch fUr GOthe- 
forscher von Interesse. 

In Vorbereitung befinden sich die Bauern-Practik- vom Jahre 1508 (eine 
Art von Concurrenzschrift zu Reynman's Wetterbtichlein), eine Sam ml ung 
erster meteorologischer und magnetischer Karten (Isogonen 1700. Iso- 
klinen 1768. Isothermen 1817 u. s. w.) u. a. 

Jedes Jahr sollen 1 bis 2 Neudrucke erscheinen. Die Gesammt- 
zahl aller dUrfte cin Dutzend nicht tlberschreiten. Jedes Heft' ist 
einzeln k&uflich. Zu beziehen dure h alle Buchhandlungen, sowicdurch 
die Verlagsbuchhandlung A. Asher & Co., Berlin, Unter den Linden 13. 
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